We study the mechanisms that are associated with the gender education gap and its reversal in Germany. We focus on three outcomes, graduation from upper secondary school, any tertiary education, and tertiary degree. Neither individual and family background nor labor market characteristics appear to be strongly associated with the gender education gap. There is some evidence that the gender gap in upper secondary education reflects the rising share of single parent households which impacts boys' attainment more than girls'. The gender education gap in tertiary education is correlated with the development of class sizes and social norms.
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Introduction
In many industrialized countries the gender education gap recently changed direction such that the educational attainment of females now often exceeds that of males. In advanced economies the gender difference in the share of 30-34 years olds with a tertiary degree shifted from 5.6 percentage points in favor of men in 1980 to 6.6 points in favor of women in 2005 (Parro 2012 ).
It is intriguing to explore the determinants of this development and it is important: the rising female advantage in higher education may affect societies in many ways, among them, e.g.,
shifting labor market structures and family formation patterns.
We investigate the mechanisms behind the reversal of the gender education gap in secondary and tertiary education in Germany. The German case is of special interest for various reasons: being a federal state Germany offers the opportunity to study the role of educational institutions that vary at the state level. At the same time, the education system itself has been reasonably stable over time such that there are no independent reforms confounding the development of educational choices (cf., Pekkarinen 2008) . Also, a reversal of gender differences is particularly remarkable in Germany where until today the male breadwinner model dominates welfare state institutions and the income tax system.
So far, the international literature focuses on changing gender patterns in tertiary education, only. Goldin et al. (2006) look at college completion rates in the U.S. and discuss various mechanisms behind the relative progress of females: the rising expectation of permanent labor force attachment encouraged higher investments in human capital particularly for the female birth cohorts since 1960. For these birth cohorts contraceptives became available, the age at first marriage increased, and rising divorce rates further incentivized female economic independence. Some authors argue that women benefited from the shift in labor demand to college educated workers and from a college wage premium that was higher for females than 2 for males (e.g., Charles and Luoh 2003, DiPrete and . 1 Also, gender differences in non-cognitive abilities are considered to render females' effort cost of higher education lower than that of males. Becker et al. (2010) study gender-specific changes in the costs and benefits of higher education. The authors consider the female advantage in the total cost of education to be central to the reversal of the gender education gap. In particular, higher non-cognitive skills of females, a lower incidence of behavioral problems, and the smaller variance in the distribution of noncognitive skills render the female supply of college educated labor more elastic than that of males. The authors argue that the rising demand for college educated workers generated a larger supply response among females rather than males.
The literature on the gender education gap outside of the U.S. is slim. Christofides et al. (2010) confirm much of the U.S. evidence for Canadian university attendance. They find that the university wage premium explains most of the changes over time with smaller roles for changes in tuition and real incomes. 2 For the case of Germany only Legewie and DiPrete (2009) address the gender education gap. 3 They focus on the role of parental education and point out that in terms of college completion U.S. females have overtaken U.S. males while German females only narrowed the gap. The authors argue that in the U.S. − but not in Germany − a cultural transformation lifted prior constraints on female tertiary education. We extend this study by considering a much broader set of mechanisms potentially affecting the gender education gap and by including more recent birth cohorts. 1 In contrast, Hubbard (2011) points out that the college wage premium for women does not exceed that of men, once unbiased estimations are used. 2 Further important contributions to this literature are, e.g., DiPrete and Buchmann (2006) , Hubbard (2011) , Bailey and Dynarski (2011) , Parro (2012) , and Cho (2007) . 3 Beyond that the relevant German literature mainly comprises studies on the development of male and female returns to education over time; see, e.g., Ammermüller and Weber (2005) , Schnabel and Schnabel (2002) , Boockmann and Steiner (2006) , Fitzenberger and Kohn (2006) , or Gebel and Pfeiffer (2010) . 3 We study determinants of the German gender education gap and its reversal for the birth cohorts 1965 through 1989. In contrast to most of the literature we consider education outcomes at different stages of the life cycle, i.e., secondary as well as tertiary education outcomes. 4 We describe recent developments and evaluate the relevance of potential determinants of the gender education gap and its reversal including a rich set of indicators of wage and employment premiums, shifts in occupation-specific skill requirements, characteristics of the education system, and demographic developments.
Using individual level data we find that neither individual and family background nor labor market characteristics appear to be strongly associated with the gender education gap.
Based on analyses of pooled data there is some evidence that the gender gap in upper secondary education is associated with the rising share of single parent households which impacts boys' attainment more than girls'. The gender education gap in tertiary education and its reversal are correlated with the development of class sizes and social norms.
The next section sketches the German education system and section 3 surveys the developments in secondary and tertiary educational attainment. Then we describe our data and empirical approach. Our analysis and a detailed discussion of the considered mechanisms follow in section 5. Next, we discuss robustness tests and section 7 concludes.
Institutional Background
We briefly summarize some key features of the For a related approach see Bertocchi and Bozzano (2014). training in blue collar occupations and crafts. Intermediate secondary school (Realschule/Mittelschule) also provides six years of instruction and typically prepares for vocational training in white collar occupations. At upper secondary schools (Gymnasium) eight or nine years of education lead to the upper secondary school degree (Abitur), which is required for admission to tertiary education. In principle, an initial track choice can be reversed later on, but this happens only rarely. Since the 1960s the "education expansion" yielded a steady improvement in secondary education outcomes over subsequent birth cohorts (see Figure 1 ). Jürges and Schneider (2011) discuss biases in track assignment that result from developmental differences by gender and relative age at the disadvantage of boys (Pekkarinen (2008) also shows evidence on this issue). However, as the German track system existed for many decades, a permanent gender bias can hardly explain recent changes in the gender education gap. 6 For details on the German vocational training system, see, e.g., Riphahn and Zibrowius (2015) . 7 In contrast to the local property tax based funding of schools in the U.S., in there is no direct or formal connection between school budgets and local wealth in Germany as all schools are paid by the state government. salaries are similar across states (KMK 2013). Also, the tertiary education system is similar across states.
Development of the gender education gap
As in other countries, men in Germany traditionally received more education than women (Parro 2012) . Early in the twentieth century about 10 percent of male and five percent of female birth cohorts graduated from upper secondary school (Riphahn 2011) . These shares increased starting with the birth cohorts of the late 1930s (see Figure 1 ). We do not show developments for the birth cohorts after 1981 because we conservatively measure tertiary attainment only at age 30 and do not have access to more recent Mikrozensus data. difference in the cohort shares holding academic degrees stayed higher, at an absolute value of about 7 percentage points throughout the birth cohorts of the 1960s (see Figure 3 .2). Our analysis focuses on this absolute difference.
Before we investigate the mechanisms behind the shift in gender patterns we examine whether the rise in female educational attainment was equally spread across population groups. Table 1 presents evidence based on survey data from the German Socio-Economic Panel (SOEP) which provides individual background information. We evaluate secondary and tertiary attainment for birth cohorts who have reached age 22 and age 30, respectively. The first rows show the cohort shares with secondary and tertiary educational attainment by gender and year of birth. For the full sample we observe an increase of female cohort shares with the upper secondary school degree over time from 34.9 (column A) to 58.9 percent (column D), whereas male cohort shares increased from 36.8 to 46.6 percent (again, columns A and D) . Column E summarizes the change over time. The rightmost columns show the development of cohort shares with tertiary degrees. Again, the female share increased more than male cohort share (see rows 1 and 2 for columns F, H, and I). The entries in rows 3 and 4 indicate relative and absolute differences for the two sexes in the respective birth cohort groups. Columns E and I show that females advanced faster than males for both educational attainments. The relative 'female over male' differences (row 3) rose by 31.5 and 16.8 percentage points, and the absolute 'female minus male' differences (row 4) increased by 14.2 and 4.1 points between the first and the last cohort group for secondary and tertiary education, respectively. The next panels describe specific subsamples. We find that the gender difference in secondary attainment declined more in families with low parental education (i.e., where parents have neither upper secondary nor tertiary degrees) compared to parents with academic background. The level differences in educational attainment by parental educational background are still substantial for both genders in the last cohort group (see columns D and 7 H). More than 75 percent of children of highly educated parents attain upper secondary education compared to fewer than half of the children of parents with lower education.
Particularly girls in catholic families improved their educational attainment relative to boys: among Catholics, the female-to-male ratio increased by more than 40 percentage points for secondary and tertiary attainment. The decline in the gender education gap also varies depending on whether there are additional siblings in the household; the largest advance in both secondary and tertiary educational attainment occurred for those with more than two siblings.
Girls growing up in single parent families and those with fathers of low occupational status advanced the most relative to boys.
Overall, we observe an improvement for females across all population groups; in contrast, the educational attainment of males did not increase and even declined over time in some population groups. 9 The gender education gap reversed most clearly in favor of females in disadvantaged circumstances, e.g., with many siblings, in single parent households, with fathers of low occupational status, and with parents of low educational attainment or catholic belief. This matches the findings for the U.S. presented by Goldin et al. (2006) . In contrast, Bailey and Dynarski (2011) find that educational advancement and female educational advantage over males was stronger for those from high-income families. Most of the patterns that we find are similar for both secondary and tertiary educational attainment. 10 9 Our evidence matches the observation of Buchmann and DiPrete (2006) who point to the decline of male educational attainment in situations of absent fathers or of fathers with little education or low occupational status. These authors view the declining rate of male college completion in the U.S. as an important determinant of the educational gender gap reversal.
Table 1 looks at different birth cohorts for the analysis of the secondary attainment and tertiary attainment (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) for two reasons. First, we assume that completed secondary school attainment can be observed at age 22 and completed tertiary education attainment at age 30. Therefore, the SOEP data of 2011 allow us to study birth cohorts up until 1989 and 1981. Second, we describe only those birth cohorts which we will use in our analysis, where data is available starting in 1984; we assume that the key determinants for secondary school outcomes are observed by age 15 and the factors behind tertiary attainment happen by age 19. Since we can only measure these features starting in 1984, we can go back to birth cohort 1969 in the case of secondary school degrees and to birth cohort 1965 in the case of tertiary education.
4.
Empirical approach and data
Empirical approach
We are interested in the sets of factors that are correlated with and potentially explain the gender education gap and its reversal. Our baseline model for the linear regression of educational outcomes (Y) is
Here, β2 describes the mean change in male educational attainment with every new birth cohort and β3 yields a linear approximation of the gender difference in cohort trends in educational attainment. If β3 is significant and positive, females' attainment increases faster over time than males'. 11 Since unobserved heterogeneities at the state-level might affect outcomes, we condition on a set of state fixed effects. Our strategy is to add explanatory variables (X) to the model that might be associated with the difference in trends for males and females and thus may reduce the magnitude and statistical significance of the estimate of β3:
(2) Yi = β0 + β1 femalei + β2 cohorti + β3 (femalei * cohorti) + β4 X'i + δ State FEi + e1i .
Following the literature, we focus on four groups of indicators for X: (a) individual characteristics, (b) labor market characteristics, (c) characteristics of state education systems, and (d) other characteristics such as state-level demographics and social norms (for a detailed list of the considered indicators, please see Appendix A). Also, we consider interactions of the characteristics X with the 'female' indicator to allow for gender-specific differences in the correlations of X with educational attainment:
(3) Yi = β0 + β1 femalei + β2 cohorti + β3 (femalei * cohorti) + β4 X'i + β5 (femalei * X'i) + δ State FEi + e2i .
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In principle, the time trend could be specified in a more flexible way. However, as Figure 2 suggests that the developments are almost linear and because the interpretation of linear trends is much clearer we prefer the simple linear specification.
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We investigate whether the consideration of control variables and their gender-interaction effects affects the estimates of β3: if we obtain a statistically significant estimate of β3 based on equation (1) and if adding a control variable X renders the estimate of β3 small and/or insignificant then we consider the control variable X to be correlated with the gender education gap and therefore with its development over time and reversal. 12 Generally, we use heteroscedasticity-robust standard errors. 13 In robustness tests we extend the specification by adding controls for X-by-cohort interactions, for state fixed effects by cohort interactions, and for both additional controls jointly. Also, we estimate our models on grouped data at the stateby-gender-by-cohort level.
Sample and covariates
We use data from the German Socio-Economic Panel (SOEP) (Wagner et al. 2007 ). The SOEP offers rich individual and parental background data, which we supplement with information from official statistics. Our sample considers West German natives and second generation immigrants who grew up in West Germany. We use the cross-section of individuals interviewed in 2011 which allows us to also consider recent birth cohorts.
We analyze three binary outcome variables: graduation from upper secondary school, entry to tertiary education ("any tertiary"), and completion of a tertiary degree. 14 These measures describe separate education outcomes that are determined at different stages in the life cycle; clearly, not all upper secondary school graduates start tertiary education, and not all who start successfully complete it. Strictly speaking, X would only be correlated with the gender difference in time trends, however, eventually that determines the reversal of the gender gap. 13 Considering random effects at the family level does not affect our results. We prefer robust standard errors because they allow for more general error term correlation patterns. 14 Goldin et al. (2006) and Bailey and Dynarski (2011) similarly study college entry and college completion. In the German educational system, upper secondary school attainment is more relevant than in the U.S. because it can present an entry barrier to tertiary education. particular, we check among those who are at least 22 years old whether they hold the upper secondary school degree, among those aged at least 25 whether they ever started tertiary education, and among those aged at least 30 whether they hold a tertiary degree. Given that our data were gathered in 2011 this defines the youngest considered birth cohorts available for each outcome as 1989, 1986, and 1981, respectively. To explain educational choices we match information that was available when the person decided to pursue a degree: we pick age 15, i.e., about grade ten, to match information that may have been relevant for the decision to attend upper secondary school, and age 19 to match information that may have been relevant for the decision to pursue tertiary education.
The SOEP provides data since 1984. Given the matching ages 15 and 19, this determines as the oldest birth cohorts considered in our analyses, 1969 and 1965 for the secondary and tertiary outcomes, respectively. In all cases our samples comprise more than 3,000 observations. Table   2 shows the overall means, the means by gender, and for early and late birth cohorts. In our sample, the share of females holding the upper secondary school degree exceeds the share of males while males on average still predominate with respect to tertiary education. The two rightmost columns confirm increases in educational attainment over time.
Results
Approach and baseline results
We present our results in two steps. First, we discuss the baseline results of model (1) for the three outcomes. In step two, we separately consider the association of four sets of characteristics (X) with the development of the gender education gap using models (2) and (3);
we differentiate the role of (i) individual characteristics (e.g., family background or religion),
(ii) regional labor market characteristics (e.g., wage returns to education or state unemployment), (iii) state education systems (e.g., class size and share of female teachers) and, finally, (iv regional demographics (e.g., divorce, marriage, and fertility rates) and social norms. Table 3 shows the estimation results of the baseline model (1) for the three outcomes with and without controls for federal state fixed effects. We present robust standard errors and standard errors clustered at the state level and find no substantive difference. Generally, the estimations yield precise coefficient estimates and the state fixed effects significantly improve the model fit. Based on the models with state fixed effects (see columns 2, 4, and 6) where the variable cohort describes birth year/1000 the share of individuals holding the educational outcome increases by 6.95, 6.62, and 2.07 percentage points within ten years for males and much more rapidly by 14.5, 13.7, and 7.9 percentage points for females. In all cases we obtain significant estimates for β3 confirming that male and female time trends differ substantially.
We then estimate model (2) which adds the four groups of characteristics (X) to the specification. As almost none of the controls affects the β3 estimates we proceeded to estimate model (3) which additionally considers female-by-X interaction terms. We now discuss each of the four groups of characteristics and present the estimates in turn.
Individual characteristics
Based on the literature, we start by considering individual and parental background characteristics as potential determinants of the gender education gap and its reversal. A first candidate is the improvement in parental education over time which resulted from the general education expansion. Buchmann and DiPrete (2006) discuss different mechanisms that establish an association between parental education and gender-specific child educational attainment: first, higher educated parents may hold more egalitarian attitudes to the education of their male and female children than parents with less education. Thus, rising parental education may contribute to balance prior female disadvantages. Second, rising maternal education may generate daughter-friendly instead of egalitarian parental attitudes. Finally, the presence of a highly educated father may have gender-distinctive effects on child educational 12 attainment; typically, the attainment of sons responds more strongly to the absence of a father than the attainment of girls (see also Various authors point to heterogeneities in educational outcomes based on the availability of parental resources. We know that firstborn children are at an advantage compared to later born siblings and we know that children in large families have to share parental resources with more competitors than children without siblings (e.g., de Haan 2010 , Eschelbach 2014 . Similarly, the income situation is on average better in households with two income earning parents than in single parent households. 16 Therefore we investigate whether changes in household size and structure are associated with the gender education gap and its reversal. 17
Also, we consider the relevance of parental migration experience. There is evidence that intergenerational mobility differs by immigrant status (Bauer and Riphahn 2007) and that attitudes to educational advancement differ between natives and immigrants . Both mechanisms may affect the gender education gap, given rising population shares of immigrants in Germany.
Finally, we consider a set of controls for religious affiliation and church attendance. The heterogeneity between Christian and non-Christian beliefs may approximate the nativeimmigrant divide, as the majority of West German natives are of Christian belief. Also, Table   1 shows considerable differences in child educational attainment, its development over time, and the gender education gap between Catholics and Protestants. 18 Traditionally, female 15 Legewie and DiPrete (2009) discuss differences in the role of parental education for the gender education gap in the United States and Germany. Christofides et al. (2010) show that changes in parental education yield different effects for males and females in Canadian higher education. 16 Autor et al. (2014) show a clear connection between single parent households and the gender education gap in the U.S..
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In addition to the estimates presented in Table 4 .1 we considered alternative specifications with various interaction terms of birth order and sibship size. However, the key results are highly robust to variations in these controls. 18 Based on the 2011 census roughly 30 percent of the German population are catholic, 30 percent are protestant, and 40 percent "nothing or other". In West Germany a population share of about 40 percent is catholic and protestant, each. education was valued more by Protestants than Catholics (Becker and Wößmann 2008) ; this suggests that any changes over time, e.g., in social norms, may differ across denominations. (3) when X represents individual and family background characteristics. The three Panels A-C present the results for the three education outcomes, upper secondary degree, any tertiary, and college completion (see Appendix A for details on the control variables). We are interested in factors that are associated with the heterogeneity in female and male time trends in educational attainment, and inspect the response of the estimated parameter β3, i.e., the coefficient of 'female*cohort' to alternative model specifications.
Column 1 of Table 4 .1 presents the results as in Table 3 and columns 2-7 represent the estimation results when including different sets of indicators, separately. Controlling for parental education appears to be highly relevant for the explanation of male educational advancement over time (see row 2 and columns 2 and 3 in all panels); the estimate of β2 declines substantially compared to column 1 as soon as parental education is controlled for. However, the gender difference in changes over time, i.e., the estimate of β3 in row 3 is not affected.
In Panels A and B the estimates of β3 only lose statistical significance when the full set of controls is used in column 8. In Panel C, the female time trend difference appears to be associated with the indicators of religion as β3 declines in magnitude and is insignificant in column 7. Thus, religion might be associated with the gender gap in tertiary attainment.
However, overall, we find no mechanism in this first group of indicators that explains the gender education gap and its reversal. Neither parental education, sibship size or being firstborn, living with a single parent, migration background or religion are clearly associated with the development of the gender education gap over time.
5.3
Labor market characteristics 14 Next, we study the association of the gender education gap with labor market characteristics. We focus on six potentially relevant indicators. The wage return to education is generally considered to be a key benefit of higher education and many contributions discuss whether its level and development explain the trend of the gender gap in educational attainment (e.g., Hubbard 2011) . We code medium-run fulltime earnings differences with and without upper secondary or tertiary degrees by sex, calendar year, and federal state and match them to the data. Because numerous authors discuss marriage market advantages as an important benefit of higher education (e.g., Bailey and Dynarksi 2011 , or Goldin et al. 2006 , we additionally consider the returns to education of the opposite sex as an explanatory variable. Goldin et al. (2006) 7) . In both cases the coefficient declines in magnitude and loses statistical significance.
Surprisingly, not even the joint control for all of our labor market characteristics appears to be associated with the gender difference in attainment trends. All estimates of β3 in column 8 are at least as large as those in the baseline specifications in column 1 or in Table 3 . Overall, there is no evidence for a clear association between the gender education gap and labor market characteristics.
Characteristics of the state education system
Several authors consider the education system itself as a determinant of gender-specific education outcomes and their developments (e.g., Deming et al. 2014, Jürges and Schneider 2011) . Certainly, the increased supply of upper secondary education generated an overall education expansion (see Figures 1 and 2) . We use two indicators of overall educational attainment. First, we consider the share of 7th graders that attend upper secondary education in a given state when an individual has reached age 12. Second, we compute an individual's own cohort share holding the upper secondary school degree (by state). This measure may be relevant for tertiary education choices at age 19 and is considered for the outcomes in Panels B
and C (see bottom rows and column 7). Changing supply conditions could affect males and 19 For every occupation we determined the mean number of years of education among job starters by sex over time. Then we generated the weighted mean of required education years for the average occupation patterns of males and females by entry year. This measure varies over time and by sex and serves as an explanatory variable in our empirical specification.
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females differently if the genders respond differently to changes in the signal value of education. If the signal value of the upper secondary school degree declines when a larger cohort share holds it, more individuals then may move on to tertiary education (Bedard 2001) .
If the cost of education differs by gender (Becker et al. 2010 ) females might respond more strongly to this shifting signal value than males. This could explain the change in the gender education gap.
One mechanism that is broadly discussed as a possible source of gender differences is the share of female teachers (Nixon and Robinson 1999) . Bailey and Dynarski (2011) differentiate the effect of having a role model and the effect of gender biases in teacher behaviors that may result in different outcomes for boys and girls in the class room. If the share of female teachers changed over time this may alter gender-specific education outcomes. We consider the share of females among all teachers in elementary/lower secondary schools and in upper secondary schools, by state and year. 20
Finally, there is a broad literature on the beneficial effect of small class size on educational attainment (e.g., Mueller 2013). De Giorgi et al. (2012) and Dearden et al. (2002) show that the impact of class size on student performance can differ for males and females. 21 Therefore, changes in class sizes over time may affect the gender education gap and its reversal.
We use indicators of average class size in elementary school and in grades 7 and 8 at upper secondary schools by state and year to investigate this mechanism. 20 We also control for the share of female taught hours. The results did not differ from those presented (available upon request). columns 5 and 6 in Panel C. These results, which are identified based on the heterogeneity in class sizes within states over time, suggest that the advance of females' academic achievement is associated with the trend to smaller classes in both elementary school and early upper secondary school. 22 Our results are in contrast to those of De Giorgi et al. (2012) who study the effect of tertiary education class sizes on tertiary education outcomes and find larger benefits for men. Our finding of beneficial class size effects for females confirms Deming et al. (2014 Deming et al. ( , p.1010 who conclude "that girls are more responsive than boys to gains in school quality." In addition, the estimates of β3 in Panel C turn insignificant when we control for 'supply effects', i.e., the cohort share in upper secondary education in grade 7 (see column 2).
In Table 4 .3 the joint model in the rightmost column does not affect the estimate of β3 substantially in Panel A; however, it yields a reversal of the gender-specific trends in Panels B and C. Overall, the gender education gap in tertiary education and its reversal appear to be associated most closely with the availability of upper secondary education and with class size.
Demographics and social norms
As our final group of characteristics we consider demographics such as divorce, marriage, and fertility rates, and indicators of social norms, all measured at the state-by-year level. We measure these covariates in the period when individuals make educational choices, i.e., at age 15 for Panel A and at age 19 for Panels B and C.
Numerous authors discuss the relevance of these measures for female education choices (e.g., Goldin et al. 2006 , Bronson 2013 . The shifts to delayed marriage, reduced fertility, and increased divorce rates may affect females' education choices:
if, e.g., marriage rates decline, the probability of being able to rely on the financial support of 22 The mean class sizes in elementary school / grades 7 and 8 in upper secondary school for the samples used in Panel C of Table 4 .3 indeed declined over time: for birth cohort 1965 we observe 28.9 / 31.5, for birth cohort 1975 22.2 / 25.1, and for birth cohort 1981 21.5 / 25.8 pupils per class. a husband declines. Similarly, rising divorce rates increase the relevance of economic independence (e.g., Fernandez and Wong 2014) . These developments incentivize investments in human capital.
In Germany these demographic shifts came along with substantial changes in social norms and attitudes regarding the role of women. We gather information on attitudes from the ALLBUS surveys where respondents were asked regularly whether women should give up their job after getting married and whether women should stay at home and look after their kids (Koch and Wasmer 2004) . The share of individuals agreeing with these statements dropped from 57 percent in the 1982 survey to below 30 percent in 2008. We evaluate whether this shift in social norms is associated with the gender education gap and its reversal in Germany. The connection between norms and education choices is asserted in numerous studies (e.g., Parro However, the latter control renders the coefficient substantially larger in size. In Panel B only the change in norms appears to be associated with the shift in the gender education gap: the estimate of β3 in column 5 turns negative and insignificant. The same holds in Panel C. The shift in social norms is the only mechanism which generates an insignificant estimate of β3 for all three outcomes. In addition, in Panel C the estimate of β3 declines in magnitude and turns insignificant when we control for the state fertility rate measured at the time when young women take tertiary educational choices (see column 4). Overall, state divorce rates, fertility rates, and particularly social attitudes regarding the role of women appear to be associated with the gender education gap and its reversal.
Robustness Tests
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To investigate the robustness of our results we follow three pathways: first we apply alternative and more flexible model specifications, second we acknowledge that many covariates vary at the state-by-year level and re-estimate our models on grouped 'state-by-yearby-sex' data. Finally, we address potential measurement problems and consider alternative definitions of our indicators. We discuss the findings in turn.
As a first set of robustness tests we added further controls to the specification of model
(3). Specifically, we considered state-specific cohort trends, interactions of the control variables (X) with cohort trends, and both additions jointly. The results are available upon request. The estimates generally confirm prior findings: religion, the own fulltime employment premium, occupational requirements, class size, fertility rates, and conservative attitudes are associated with the gender-specific trends in attaining a tertiary degree; class size in elementary school and conservative attitudes are correlated with the trends in attending tertiary education, and we continue to find that none of the individual level and state education system characteristics are associated with gender differences in the trends of attaining the upper secondary school degree.
Additionally, we find some support for an association of the own fulltime employment premium for all three dependent variables, and we find that the state divorce rate may be associated with upper secondary school trends once the time trend interactions of the indicators (X) are considered. However, the only controls that render the estimate of β3 not only statistically but also economically insignificant, i.e., reduce it to close to zero or even negative, continue to be class size and conservative attitudes for the tertiary degree outcome. Therefore we consider these two indicators to reflect the mechanisms which are most closely associated with the steep increase in female to male education ratio.
In a second robustness test we address the fact that several of our indicators are collected at the 'state-by-year' level. To determine whether the findings are connected to the weighting of subgroups of individuals we generated a pooled sample of mean values of all characteristics at the 'state-by-cohort-by-sex' level. The estimation results are provided in Appendix B. Column 20 1 of Table B .1 shows that in these smaller samples we still obtain large differences between educational trends for males and females. The difference is statistically significant only for the "any tertiary" outcome (see column 1 of Panel B); however, Panels A and C also yield faster growth for females than for males. Panel C shows no overall growth in tertiary education for males over time. We redo the analysis with the four groups of indicators as in Tables 4.1-4.4.
Among the individual level characteristics (see Table B .1) the single parent indicator now appears to be most able to reduce the estimate of β3 to near zero or negative value. 23 Table B .2 confirms that the own fulltime employment premium may be (weakly) correlated with the female education cohort trend. In Table B .3 we find additional evidence supporting the role of class sizes as a driver of relative female educational advancement, particularly at the tertiary level. Table B .4 shows that the evidence on the role of social norms is robust to the change in the sample. Therefore overall, the additional estimations confirm previous results.
Finally, we redefine a number of variables to ensure that the results are not the outcome of specific measurement choices. We use alternative specifications such as divorce rates per inhabitant vs. per marriage, considered the share of female taught lessons in addition to and instead of the share of female teachers. So far we used wage and employment premiums based on averages of observed values; additionally we applied regression estimates of premiums using various specifications with alternative regional and age controls. We did not find substantial sensitivity of the results to our measurement choices.
Conclusions
23
The coefficient estimates for the model of column 5 of Panel A show a significant negative association between growing up with a single parent and attaining the upper secondary school degree. This association is larger for boys than for girls. This result is identical for the pooled data and the individual level data of Tables B.1 and 4.1. Over time the average time which youths spent in single parent households increased from about 5 months for the birth cohort of 1969 to about 14 months for the birth cohort of 1989. This paper describes the reversal of the gender education gap in Germany and investigates mechanisms that may explain it. Up until the birth cohort of 1979 the educational attainment of males in secondary and tertiary education exceeded that of females. Since then females increasingly outperform males. This phenomenon is observed in almost all advanced economies (Parro 2012 ) and various studies have investigated the shift in college entry, persistence, and completion for the United States.
The reversal of the gender education gap in Germany appears to be most pronounced in disadvantaged population groups: relative to their male peers, female secondary and tertiary education caught up the most in families with many children, in single parent households, in families with fathers of low occupational status, and in catholic households.
We investigate the mechanisms behind the the gender education gap and its reversal for three outcomes: attainment of the upper secondary school degree, any tertiary education, and completed tertiary education. We test the association of four groups of characteristics with gender trend differences: individual and family background, labor market indicators, characteristics of the education system, and state demographics and social norms. The results vary somewhat across outcomes. Our major findings on potential determinants of the German gender education gap and its reversal are as follows:
None of the individual and family background variables contributes substantially to an explanation of the reversal of the gender education gap when we use individual level data. 24 In an analysis using grouped data we find that living with a single parent is associated with the gender difference in education trends. Two interpretations may be relevant. First, we know from prior studies that boys' educational attainment suffers more than girls' educational attainment from the absence of a father (Bertrand and Pan 2013) . A rising share of single parent households 24 Clearly, changes in unobserved heterogeneities such as the allocation of time and resources between male and female children may have changed over time but cannot be investigated due to the lack of information. thus may hurt boys' attainment. Second, once information on economic risks in life becomes salient, girls may respond more strongly than boys and intensify their investments in human capital. After all, they see the mother as the typical single parent and gender differences in risk aversion may be at work. Numerous studies have discussed the insurance value of education for women (see Bronson 2013 and literature cited there) . Through this mechanism the rising share of single parent households may − at least in principle − increase girls' (relative) educational attainment.
We find surprisingly little evidence of an association between the gender education gap and the labor market. Wage returns to education, state unemployment, and female labor force participation rates appear to be correlated with the gender education gap. Two indicators seem to be weakly associated with the development of the gender education gap in tertiary degrees over time: the 'own educational employment premium', i.e., the expected increase in fulltime employment following educational achievement, and the occupation-specific educational requirements over time. This suggests that female tertiary education choices respond to the demands of the labor market.
Interestingly, the only characteristic of state education systems that is associated with the gender education gap and its reversal (at the tertiary level) is not the increase in upper secondary school supply but the development of secondary school class sizes over time. This suggests that females benefit more from the decline in class sizes over time confirming Deming et al. (2014) . If investments in educational quality affect males and females differently, future studies of the causal effects of educational reforms should add a focus on gender differences.
Finally, demographics such as marriage, divorce, and fertility rates are not central to the gender education gap and its reversal. Pooled data confirm a weak contribution of the drop in fertility to explain the shift in secondary school attainment, and individual data find a slim contribution of divorce rates. These correlations, however, are weak at best. Much stronger is the correlation of the gender education gap with our measure of social norms: controlling for 23 social norms that persisted at the time when educational choices are made contributes substantially to explain the shift in tertiary educational attainment. Across all considered mechanisms, the change in social norms (plus the relevance of reduced class sizes) appears to be most closely associated with the reversal of the gender education gap at the level of tertiary education in Germany. Clearly, an economic interpretation of this correlation is challenging for various reasons. However, reverse causality appears unlikely as the attitudes are measured for the entire society and are then related to the educational choice of 15 and 19 years olds. 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 Cohort Share Birth Cohort
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Source: Mikrozensus 2007.
Figure 2
Secondary and tertiary educational attainment by birth cohort and gender Note: see Figure 2 . Source: see Figure 2 . Note: The "early" and "late" cohorts in the last columns refer to the first and last birth cohort for each outcome as listed in column 3. Source: German Socio-Economic Panel (Wave 2011). -14.018***-12.445***-13.697***-13.273***-12.456***-13.887***-11.549*** -7.422 Cohort 6.624*** -0.19 1.021 3.997** 7.157*** 6.050*** 8.494*** -1.911 Female*Cohort 7.072*** 6.283*** 6.906*** 6.701*** 6.281*** 7.003*** 5. Note: The number in parentheses behind each covariate group gives the number of estimated parameters; note that this includes interaction terms with the female indicator. Cohort is defined as birth year/1000; for details on the covariates see Appendix A. Standard errors are heteroscedasticity-robust. The model specifications are identical to those in the regression results presented in Table 4 . Source: German Socio-Economic Panel (Wave 2011). The data use average values at the level of federal states by sex by birth cohort. As particularly for small states not all cohorts are observed the sample sizes in the regressions are below the number of cells.
